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EVAPORATION AND FOREST FIRES. 

By E. N. MUNNS, Forest Examiner. 5s/. 5'73 : 6 34.7. %3 
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(California District U. 8. Forest Service, Feb. 17,1021.) 

EYNOp8IB. 

Hitherto a arently, little attempt has been made by foresters and 
t% correlate the factors of climate and forest fires. The 

m:&z%%is paper ia to show that the occurrence and spread of large 
f m t  fires are coincident with a greatly increased rate of evapora.tion 
or a decrease in vapor preesure. 

Since evaporation is a climatic complex dependent on the three 
major factors of temperature, humidity, and wind, the !nfluence of 
any one of them may be offset by a pronounced change in either or 
both of the other two. 
The cloeerelation between periods of high evaporation and forest fires 

iestrikingly brought out in figures 1 and 2. These figures also show that 
the rate of evaporation does not follow constant1 either tem erature, 
humidity, or mnd. In some cases it follows mnzalone, in otl%rs tem- 
perature,whilein still othemit followschangesin relative humidit only. 

In  aouthern California the wind direction is high1 important. h e x -  
ample, an east wind blowing directly off the great ieserts, brings exces- 
sively dry, hot air, resulting in extraordinary dryness in a short time. 
In examining the vapor pressure data far the period 1911-1920, it 

WBB found that in those yeara and months when the average vapor 
pmzaureremained high a veryamall number of fires occurred, while in 
those y e m  and montha with a relatively low averrye vapor preasure 
there were uniformly periods of extreme hazard, and many bad fires 

cured from standardized porous cup atmometers exposed 
to the sun and wind at a height of 15 inches above the 
surface of the ground, in a location where a minimum 
of influence would be exerted by surrounding objects. 
The data given for any 24 hours end at 5 p. m. "he 
amount of evaporation is expressed in cubic centimeteis. 

Evaporation is a climatic complex dependent on the 
three major factors of temperature, humdity, and wind. 
The influence of any one of these factors may be offset 
b a suitable change in either or both of the other two. dw great an influence each may exert we do not know, 
but for eneral purposes they may be considered as being 
of equpfi weight. The evaporation rate may chvge 
with fluctuations in any one of the factors, follomg 
ten1 erature wind, or humidity. 
&w closeiy forest fires follow periods of high evape 

ration is shown in Sgures 1 and 2, where the data on 
daily eva oration are plotted with the size and occur- 
rence of .  I es on three southern California forests. It is . -  

occurred.--R. L. 
Up to the resent time there has 

been verylit tp e attempt on the part of 
foresters' and meteorologists a gener- 
ally to correlate the different factors 
of climate and forest fires. Manyfor- 
esters3 arenow devotingconsiderable 
time to a study of fire, its behavior, 
and the fundamental princi les un- 

and ita climatic relationship. 
The causes which lead to the occur- 

mnceandra idspread oI1argefies are 

been sus ected that the are inti- 

ditions. The field force recognizes 
this, and in speaking of a fie,  usually 
makes some such statement as '' con- 
ditions wererightfor the fire tospread 

, " or "it was hn easy matter to 
contro the fire because conditions 
were just right. " What these " con- 
ditions '' were has been largely a mat- 
terof conjecture. It is the purpose of 
the present pa er to show how the 
occurrence ancfthe spread of lar e 

increased rate of evaporation or de- 
crease in the vapor pressure 

In the present study the data here 
given for evaporation were obtained 
atconverse experiment station in the 
SanBernmdinoMountains. This sta- 
tion was located in the hge les  Na- 
tional Forest a t  an elevation of 6,000 
feet, about 100 miles from the ocean, 
andin the transition zone between 
chaparral and a stunted Jeffrey pine 
forest. Evaporation data were se- 

derlying its severi ty, its ra te o P spread, 

not d e h i t  Bp y known, but it has long 

mately r s ated to meteor0 r ogical con- 

fires are coincident with a greaty 7 
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FidE-Relation of Evaporation at Converse t o  Fort+ Fires in Sou. California. 1915 

to be noted that with an increase in the rate of evapor& 
tion the number of large fires increases, while the size of 

On August 19 there was a fire of 1,500 acres not con- 
trolled until the followin night; the area burned was 

acre is plotted on September 3 which was not controlled 
until the night of the fifth after burning three days. On 
October 4 is lotted a fire of 3,200 acres which was con- 

These Sgures also show that the rate of evaporation 
does not follow constantly either temperature, wind, or 
humidity. In some cases it follows wind alone, in others 
it follows temperature, while in still others it appears to 
follow relative humidity. Attention is also invited to the 
fact that the periods during which the north and east 
winds occurred were those in which the largest fires and 
those most difficult to control occurred. These north 
and east winds are essentially “desert” winds, and are 
caused by strong barometric differences. These winds 
coming from the great deserts are excessivelg dry, and 
no matter how wet the previous period has een rapid 
evaporation results and any fires occurring spread ra - 

covered in tprro days but p 5 otted on one. A fire of 2,500 

trolled after E urning four days. 

idly. In fact, in southern California it may be tr up y 

said that the fire season runs from 
January toDecember, as fires occur 
during periods of northwinds through- 
out the entire winter season. 

The writer has coin iled and cor- 

direction for the period from 1913 to 
1916, inclusive, for the threesouthern 
California national forests. In this 
connection it wasnoted that of 67firs 
of over 500 acres, 50 occurred on days 
with north winds and but 20 on days 
with west winds. Of 42 firesof 1,000 
acres or more, but three occurred with 
west, or ocean winds, while 39 oc- 
curred with north winds. 

It has been shown that size and 
occurrence of fires follows the evapo- 
ration data very closely. This is a 
striking fact when it is considered 
that large parb of these three south- 
ern forests are influenced by marine 
conditions due to their proximity to 
the Pacific Ocean while other por- 
tions are under the direct influence 
of the Mohave Desert. It is also re- 
markable that an increase in the 

related the data on R re with wind 

evaporation rate taken in this high mountain country 
should so closely follow the occurrence of fires both on 
areas ad‘acent to the desert and those fronting on the 
coastal A opes. It would therefore appear that there is 
some major underlying factor which applies equall well 
to all parts of southern California, and that w d e  the 
actual amount of evaporation may not be the same, the 
relative position of hi h and low rates r e m u  constant. 

After plottin the 8 ata for southern California, the fire 
data prepared f y  Mr. S. B. Show for the Sierra Forests 
were taken, to see how far  this general influence extended. 
The result was the same as for southern California. The 
large fires thou  hout the State, from the Klamath in the 

east, to the Sequoia in the south, occurred uniformly for 
two years during the same periods of high evaporation 
rate as in southern California, while the small fires were 
universally concentrated on the periods of low evapora- 
tion rate. In  other words, as far as California was con- 
cerned, regional location had nothing to do with the 
spread of the fires when the eva oration changed from 

major meteorolo cal province. It is diflCicult to believe 

such a definite correlation possible between evaporation 
and the spread and occurrence of large fires, but the data 
admit of no other interpretation. 

As our data on evaporation cover only the two years 
of 1915 and 1916, it was natural to turn to the Weather 
Bureau to determine whether any of the data they collect 
would permit of a correlation between eva oration and 

spent in fruitless search it was found that the data on 
vapor pressure gave the desired result and that the 
reverse of the vapor pressure curve was essentially of the 
same form as the curve of evaporahon. Unfortunately, 
it has not been possible to make a direct correlation 
in southern California between evaporation and vapor 
pressure, as Los elea, the only station at which these 

extent by the proximity of the ocean. However, B 
comparison was made with data collected at Fresno and 

northwest and t f e Modoc in the lava region of the north- 

a low to a high rate, and all Cali P ornia comes under one 

or understand t f at  conditions can exist which make 

other meteorological factors. After consi ! erable time 

data are secured, 9 as a climate influenced to a large 
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1916 

number of fies.'. A few of these 
burned for several days unchecked. 
The men on the fire line engaged in 
fightin the f i e  noted that on some 

and burned intensely, wlde on other 
days it burned more slowl and could 

very rapidly were those on whic the 
vapor pressure was low, while those 
on which the fire spread but slowly 
and could be approached the vapor 
pressure was considerably higher, 
thou h the occurrence of wmd upsets 

On the Stanislaus Forest a &e 
started on August 12, in a narrow 
river canyon. For three days it waa 
believed it would burn itself out with 
no damage, but on the fourth day the 
fire came up out of the canyon and 
s read ra idl in all directions. On 
tge 18th t1e &e was burning most in- 
tensely and spreading most rapidly. 
On the 21st the _ _  fire &ed down some- 

days d e f i e  was diflicult to control 

be close1 approacbkd. P t is found 
that the B ays on which the f i e  s read \ 

the a f 8  solute correlation. 

at Red Bluff, which are valley oints and have a land 

in eqery individual case, there is enough correlation to 
make certain that va or pressure is a big factor influenc- 
ing eva oration, an8 therefore the spread of fires, for 
which i t a  are available. This is very clearly shown in 
figure 4, which gives the relation of vapor pressure to 
two large fires which occurred during 1920. 

type of climate (fig. 3). While t l e points do not coincide 

4 c 6 IO IZ n 16 18 t o  zz t4 26 

Fy. 4. Re&& of Large August /Ymfi+rs fo &pr &sure &&ofis 

t 4 a lightning storm occurred on the Laasem 
Forest On Au%.Y w oh was responsible for the setting of a large 

up occurred which necksitated addi- 
tional work on the fire line. A rain extinguished the fire 
on the 24th. 

In  both of the two instances cited, whenever the vapor 
pressure was high the fire did not burn with anywhere 
near the intensity that it d!d durmg the da s on which 

degree by the actual amount of moisture in t e air; 
with a large amount of moisture the fire burned slowl 
and much work was possible on the fire line; with a m a  1 
amount of moisture in the air the fire burned intense1 , 
flanies to do effective work at  close quarters. 

It is noteworthy that the occurrence of fires and the 
rate of evaporation do not .follpw the course of relative 
humidity. Relative humi&t;g .IS such a changeable fac- 
tor, varying with gusts of wmd, temperature, etc., that 
it is usually unreliable exce t for the lmmedlate period 
during which it is determine!, though it does follow tem- 
perature in its general trend. The absolute humidity 
(indicated by the vapor pressure) is the weight of water 
vapor in a given space. While there is a variation from 
hour to hour and from day to day in this factor, the 
change is more gradual and more-uniform than that of 
relative humidity. These fluctuations in actual moisture 
content of the atmosphere are brought about in va 
de ees during the day by evaporatlon from both an 
an water surfaces, by transpiration by lant life, and 
by condensation in the form of rain, ew, or frost. 
'fhese changes are continuously operating in some man- 
ner, evaporation bein much more active during the 
warmer part of the fay than during the night, when 
temperatures are low and the dew point is reached or 
approximated. 

For the control of forest fies it appears that some 
form of rediction of extreme changes in vapor pressure 
is needel, and this the Weather Bureau believes it may 

the va or pressure was decidedly low. It t 5 us ap ears 
that t K e spread of fire was influenced to a ve Tar. 

9 
making it difficult to get within striking distance of t K e 

P 

Y% 
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4 See Palmer, A. E.: Lightning end forest M, Mo. WEATEEB REV., AupuSt, lcnU, 
111: 45z-a.  
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be possible to supply, augmenting that now received.’ 
If it were known in advance that the following day 
would have a very low va or pressure, the field force of 

day, could diepatch more men to it than would ordina- 
rily be r uired for a fire in that particular region. On 

vapor pressure it would be ossible to take a smaller 
number of men than in the &t case, because climatic 
conditions would be in favor of easy control. Notifica- 
tion in advance of periods of extreme fire hazard would 
make it possible to augment the Forest Service force to 
care for the emergency. 

Up to the present it has not been possible for the 
Weather ~ u r e a u  to redict the local heat type of thun- 

compang low-prw~ure areas, can ve? readily be pre- 
dicted, ut  the heat type, bein entire y local, has so far 

A study of the data from Red huf€  for the period 1911 to 1920, inclusive, shows that 
when the vapor pressure increases rapidly and reaches a 
point of about 0.380 inch (Hg.) local thunderstorms 
occur in the hi h mountain region. When the vapor 

convectional storms. The difference between these two 
extremes is the danger period durin which we have tho 

occur without rain. These are the most dangerous 
periods for the forest; during such times a large nuniber 
of fires start, and as no rain falls they have a chance to 
s read to large size before they can be reached by the 
A d  force. 
In going over the vapor-pressure data for the period 

from 1911 to 1920 it was found that in those years and 

the Forest Service, upon t rl e occurrence of a fire on that 

the other 7l and, +th a knowledge of a greatly mcreasing 

derstorms. The wi B espread thunderstorms, which ac- 

not been as carefully studied P rom the forester’s stand- 

pressur? rises a % ove 0.420 inch rain occurs with these 

“dry lightning” storms, when lig % tning and thunder 

oint as we should l h .  

fire. 
b-s/. S O 9  : SS/. S9 4 

FORECASTINa THUNDERSTORMS BY MEANS OF STATIC 
ELECTRICITY. 

By FRANCIS W. REICHELDERFER. 
INaval A k  BtStiOn, Hsmptan Rods, \.‘a., Apr. !&‘,lCnl.] 

The thdmtom is one of the greatest obstacles to 
routine flw during the summer months. At an avia- 
tion stahon it is mportant, therefore, to know the 
approximate time of arrival of thunderstorms, their 

extent and. duration. . Unlms these things we known, 
air craft may be caught away from shelter or safe landing 
place, and may be forced to land where they will be 
unable to return to their base for hours or days; or, 
worse still, conditions dangerous to craft and personnel 
may be encountered. If, on days when thunderstorm 
conditions prevail, the alternative is taken and flying is 
suspended in anticipation of thunderstorms whch do 
not arrive for many hours or perhaps not at all, much 
valuable flying time is lost. 

During the summer of 1920,in order to test the value 
of atmospheric static electricity as an indication of 
thunderstorms and an aid in forecasting these storms for 
flyin operations, a radiotelegraph receiving set was 

Hampton Roads, Va. he set consisted of a six+& 
amplifier (type SC 1605B used in Navy sea lanes) Wit 
a variable condenser and head phones. .!he antenna 
was a Navy standard bidirectional compass coil (type 
SE 4080). The choice of wave length ranged approxi- 
mately from 600 to 2,500 meters. 

Hourly observations were made each day between 8 
a. m. and 4 . m., with the exception of Saturda after- 

tions were made. Data were ogged according to the 
followin classification: 

(a) &ur of observation. 
(b) Wave length on which “strays” were moat intense. 
(c) Quality of ‘catrap,” wb,ether whip cracks,” 

I‘ grinders,’’ or combination of these. 
(4 Intensit of “strays” whether faint, moderate, 

strong, or de2ening. 
(e) Number of ’ strays,” i. e.,. whether continuous or 

intermittent. If intermittent, e v e  number per minute. 
(f> Directional plane to eight points in which “strays” 

were stron est, i. e., whether they a peared to lie in the 

southeast plane, or the northeast-southwest plane. 
(g) Change in intensity since last observation, whether 

increasing or decreasin 
(h) Amount, azimuk, and size (smd, medium, or 

towering) of any cumulo-nimbus clouds within sight of 
station. 

The following are some averages computed from the 
total observations: 

Aver e wave length on which best results were 
obtainer 900 meters. 

Average intensity of. rcstrays” on days when no 
thunderstorms were re orted at or near station (based 
on scale of zero to four{ 1.4. 

Average intensity of “strays” on days when thunder- 
storms were reported at or near station, 1.9. 

Per cent by which intensity on thunderstorm days 
exceeded intensity on no thunderstorm days, 36 p~ cent. 

“Strays” seemed to lie most frequently m the 
northwest-southeast plane (their direction was probably 
northwest). 

The next most frequent lane was southwest-northeast. 
From the experience of P ast summer it is believed that 

the “static” recorder is a valuable instrument for wro- 
logical stations. The above averages minimize rather 
than magnify the actual usefulness of a “static” indi- 
cator in forecasting for aviation. It must be remem- 
bered that this attempt was the h t  of its kind at thie 
station, and that the ap aratus used was designed for 
radiotele raphy, not for B etection of “static” for mete- 

“static” log was found of considerable value in fore- 
casting thunderstorms in the vicinity of the air station, 

1 
inst A ed in the aerolo ‘cal office, Naval Am Station, 

?c 

t noon and f unday. Frequent1 intermediate o ema- s 

north-sout % plane, the east-west p P ane, the northwest- 

orologica P purposes. Since under these conditions the 


